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PRACTICES

COMBINATION METHODS FOR DERIVING
STRUCTURAL DESIGN LOADS CONSIDERING
VIBRO-ACOUSTIC, ETC., RESPONSES

Practice:

Design primary and secondary structural components to accommodate |loadswhich include
steady-state, transient dynamic, and vibro-acoustic contributions at liftoff.

Benefit:
The probability of structural failure during launch and landing is significantly reduced.

| mplementation M ethod:

Loads due to various sources (steady-state acceleration, transient dynamic, vibro-acoustic) may be
computed separately. Then use one of the combination methods listed bel ow to derive the combined
load. For acoustically sensitive components, direct acoustic load should be included as well.

Programs That Certified Usage

Viking, Voyager, Galileo

Center to Contact for | nformation:

Jet Propulsion Laboratory (JPL)

Technical Rationale:

Vibration which causes structural loads can be classified as follows (see Table 1):

1. Vibration due to transient events (liftoff, staging, etc.), typicaly below 60 Hz, including
steady-state acceleration;

2. Random vibration transmitted through mechanical interfaces, typically from 20 to 2000 Hz;

3. Random vibration caused by direct acoustic loading on the surface of the structure, typically
from 50 to 10,000 Hz.

For primary structure, the steady-state and transient loads typically dominate the

vibro-acoustic loads, and the latter are often ignored in practice. For secondary ' ———
structure, however, the vibro-acoustic loads can be comparableto, or larger than, 2=t
the steady-state and transient loads. Acoustically sensitive componentsmay have  LABORATORY

loads which are dominated by their response to direct acoustic excitation. —
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Because the transient and vibro-acoustic loads can be of comparable magnitude, and both are present
simultaneoudly at liftoff, it can be unconservative to design the structure to the transient and
vibro-acoudtic loads separately. A number of methods are available for ng the combined load.
The following methods are considered acceptable.

Method 1. Coupled Transient Analysiswith Base Drive Random

Depending on the launch vehicle, coupled transient analysis predicts structural loads up to 60 Hz,
athough in most cases the frequency cutoff is much lower (35 Hz for STS liftoff). Forcing functions
for these andyses are adjusted, based on flight data, to assure that the loads envel op the actual flight
loads (including transent and mechanically transmitted random vibrations within the frequency range
of analysis).

Above the cutoff frequency of the coupled transient analysis, mechanically transmitted random
vibration loads may be computed using base drive random andysis of the payload structure. The base
vibration is specified in terms of power spectral densities of the acceleration in each direction. If
possible, the analysis should be performed using input accelerations carresponding to the time of peak
transient loads, rather than the maximum random vibration over the entire flight. Accelerationsin
different directions should be considered uncorrelated, and may be applied ssimultaneously or one
direction at atime. A higher level of damping is acceptable for the random analysis than for the
coupled trangent. Common practiceisto use 3 timesthe RMS (3 sgma) as the peak |oad prediction.

Peak loads from the coupled transient and basedrive random analyses may be combined by a
root-sum-square (RSS) approach.

When direct acoustic loading on the payload structure is non-negligible, it may be combined with the
above load using an RSS approach. Methods for predicting acoustic loading include finite-element
based approaches, which are limited to low frequency predictions, and statistical energy methods,
which are limited to higher frequency predictions.

Method 2: Mass Acceleration Curve

A typical mass acceleration curve (MAC) is shown in Figure 1. The MAC is an upper bound
acceleration level for al components of a given mass, regardless of location, orientation, or
frequency. Applicability is limited to appendage masses up to 500 kg, with frequencies up to
approximately 100 Hz. Such a curve can be derived based on analytical and flight data, and includes
the effects of both transient and mechanicaly transmitted random vibration. That is, the load
predicted by the curveis aready a combination of transient and random vibration.

When direct acoudtic loading is non-negligible, it may be combined with the MAC load using an RSS
approach.
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Method 3: Coupled Transient Analysiswith Modal MAC

It is generdly accepted that base drive random analysis can be very conservative, because it does not
account for impedance effects. These effects can be very significant for the payload modes with large
effective mass.

An approach which accounts for impedance in an approximate way is based on application of the
MAC to the modes of the payload structure. Each mode of the payload may be assigned an
acceleration level based on its efective mass. The acceleration level is taken from acurve similar to
Figure 1, but the modal MAC is typicaly lower in level than the MAC which applies to physica
appendage masses. Physical loads corresponding to each mode are then derived by scaling the mode
shape according to thislevel. The combined load is obtained as the RSS of the transient load with
the modal loads above the transient cutoff frequency. It can be seen that this method is the same as
Method 1, except that the base drive random approach is replaced by an RSS of modal |oads scaled
to the modal MAC.

As in the previous two methods, when direct acoustic loading is non-negligible, it should be
computed by an appropriate acoustic analysis method, and combined with the transient and random
load using the RSS approach.

| mpact of Nonpractice:

The probability of structural failure during launch will be increased, particularly for secondary
structure.

Tablel1l. Sourcesof Structural Loads

Frequencies (Hz)
Type of vibration Types of Analysis
From To
1. Steady-state: .
Transient vibration 0 60 Coupled transient
. MAC
2 Mechamcally 20 2,000 Base drive random Moda MAC
transmitted random
3. Direct acoustic 50 10,000 Finite élement Statistical energy
(low freguency) (high frequency)
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Figure 1. Typical Mass Acceleration Curve
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